Monitoring of telluric current, which is practically a synonym for geoelectric potential difference, was conducted on Kozu-shima Island about 170 km south of Tokyo from May 14, 1997 to June 25, 2000. During the monitoring period, 19 anomalous telluric current changes (ATCs) were observed. Their possible correlation with nearby earthquakes was statistically examined by assuming various lead times for different ranges of magnitude and focal distance. The best correlation may be obtained for earthquakes with a magnitude greater than 3.0 occurring within 20 km of focal distance. There were 23 such earthquakes, of which 11 were preceded by ATCs within 30 d. Of these 11 earthquakes, preceding ATCs of 5 and 6 were positive and negative polarities of telluric current, respectively. Their epicenters were spatially well clustered in the east and west of the island. These facts were clearly beyond those expected by chance and led to a simple speculative model.
Monitoring of telluric current, which is practically a synonym for geoelectric potential difference, was conducted on Kozu-shima Island about 170 km south of Tokyo from May 14, 1997 to June 25, 2000. During the monitoring period, 19 anomalous telluric current changes (ATCs) were observed. Their possible correlation with nearby earthquakes was statistically examined by assuming various lead times for different ranges of magnitude and focal distance. The best correlation may be obtained for earthquakes with a magnitude greater than 3.0 occurring within 20 km of focal distance. There were 23 such earthquakes, of which 11 were preceded by ATCs within 30 d. Of these 11 earthquakes, preceding ATCs of 5 and 6 were positive and negative polarities of telluric current, respectively. Their epicenters were spatially well clustered in the east and west of the island. These facts were clearly beyond those expected by chance and led to a simple speculative model.
precursor | VAN method T he VAN method, named after the initials of Varotsos, Alexopoulos, and Nomicos, for short-term earthquake (EQ) prediction by means of the monitoring of preseismic telluric current signals, called seismic electric signals (SES), has been in successful practice since the 1980s (1) . The VAN method, however, has been a contentious subject with regard to the causal relationship between SES and EQs (e.g., refs. 2, 3). One way to get around this would be to accumulate as many case studies as possible on one hand and to build plausible physical models on the other (1, 4, 5, 6) .
The VAN method is characterized by the notion of "selectivity," which has two aspects (3, 7): (i) there are only selected sites which are sensitive to SES, and (ii) a sensitive site is sensitive only to the SES from some specific focal area(s). A map identifying those focal area(s) is called the "selectivity map" of that site. The selectivity is thought to originate from inhomogeneity of the subterranean electrical structures, implying that SES is transmitted only through subterranean conductive channels (1, 4) . Another remarkable property of SES, called the "VAN relation," is expressed by Eq. 1 in terms of the focal distance r, the magnitude M, and the amplitude E of SES.
where a is a constant ∼0.34-0.37 and b is a site-dependent constant. The selectivity and VAN relation are the backbone of the VAN method. In Japan, VAN-type telluric current monitoring was conducted and significant preseismic signals were observed in the late 1990s and early 2000s (6, 8, 9) . The site in Kozu-shima Island was unique in showing SES-like telluric current changes before many EQs (9) , whereas other stations showed such signals only for one EQ (6, 8) . In addition, the EQs occurred in the east and west of Kozu-shima Island after the positive and negative polarities of the SES-like telluric current changes, respectively (9) . So, in this paper we have tried to statistically examine the correlation between the SES-like telluric current changes and the EQs for Kozu-shima Island. In the following, the term "geoelectric potential difference" will be used interchangeably with "telluric current." Observation Kozu-shima Island is located about 170 km south of Tokyo (Fig.  1) . Monitoring of the geoelectric potential difference, namely telluric current, on this island was conducted from May 14, 1997 to June 25, 2000. Our observation system consisted of five short (tens of meters) and three long (a few kilometers) measuring dipoles (Fig. 1) . The criteria for identifying the observed anomalous telluric current changes (ATCs) as candidate SES were as follows (3, 7): (i) They are neither artificial noises nor magnetotelluric changes. (ii) They appear simultaneously on short and long dipoles. (iii) The amplitudes E on parallel short-and long dipoles are almost the same. Considering the possible empirical inaccuracy, we impose the condition that the smaller value should not be less than 85% of the larger one. (iv) Polarity of the changes on long dipoles is compatible with that of short dipoles. These criteria are based on the presumption that SES sources are far compared with the sizes of short dipoles. In the present study, we further imposed the following two conditions. Their amplitude E is larger than 2.0 μV/m, which is the normal noise level on Kozu-shima Island, and their duration is longer than 40 s, providing more than three data points with 10-s sampling.
During the observation period, most EQs around this island occurred along the northeast-southwest trending Zenisu Ridge (Fig. 1) .
We first illustrate in Fig. 2 that the noise level on Kozu-shima Island is quite low. Fig. 2 A-C shows 1-y, 1-mo, and 3-d data of the geoelectric potential difference recorded by the GND-NTT (Ground-Nippon Telegraph and Telephone) long dipole ( Fig. 1) . In Fig. 2D , 2-h data recorded by five short dipoles and three long dipoles are shown. Here, "ATC" is probably related to the EQ on May 22, 1997. "AN" denotes artificial noise, which was considered to come from the sole villagery in the western coast where the NTT office ( Fig. 1 ) is located (10) . "MT" represents global magnetotelluric change. "CO" indicates the coseismic geoelectric change of EQ on May 22, 1997 (11) .
Observed ATCs and EQs
During the observation period (May 14, 1997 to June 25, 2000), we observed 19 ATCs as defined in Observation (Table 1) . Throughout this study, seismic data were taken from the latest Japan Meteorological Agency Earthquake Catalog after declustering aftershocks.
Before examining the statistical correlation of ATCs and EQs, we first evaluated the anomaly appearance rate (AAR) and EQ occurrence rate (EOR). AAR is defined by the number of EQs which occurred within a prescribed lead-time interval ΔT after ATC appearance divided by the total number of EQs, whereas EOR is the number of ATCs which preceded EQs within the same lead-time interval ΔT divided by the total number of ATCs. Note that the AAR and EOR are equivalent to the alarm rate and success rate in earthquake prediction (see Uyeda in ref. In Fig. 3B , the color code is the same as in Fig. 3A . No obvious correlation can be seen between the epicentral position and source mechanism. It appears, however, that the EQs with ATCs of positive and negative polarities occurred in the east and west of the island or the extension of the Zenisu Ridge. This feature may be considered as demonstrating a remarkable selectivity, possibly inherent to this volcanic island.
When we plot log(E × r) against M, two linear correlations similar to the VAN relation (Eq. 1) seem to emerge as shown by the N and F groups in A close look at Fig. 3 B and C and Table 2 reveals that N and F EQs are clustered in relatively near and far hypocenteral distances from the island.
The observed east-west clustered distribution of EQs with positive and negative ATCs may lead to a speculative model as shown in Fig. 3D : If east-west directed dipolar charges were generated in the focal areas, the electric current produced by these charges might propagate through the conducting path in the island as schematically shown, generating ATCs with opposite polarities as observed. The existence of such a conducing path may be expected from the subterranean electrical inhomogeneity (10, 12) . In the future, we intend to make numerical simulation studies on the direct current to ultralow frequency electric current propagation from the above-speculated dipolar charges, together with theoretical study on how to produce them.
Conclusion
This study showed that there is a correlation between ATCs and EQs observed in Kozu-shima Island from May 14, 1997 to June 25, 2000. Moreover, EQs with ATCs of positive and negative polarities occurred in the areas east and west of the island, demonstrating a remarkable selectivity. In addition, if we classify the EQs with ATCs into two groups according to the focal distance, two lines similar to the VAN relation are found.
This work is an example where the validity of the VAN method was statistically verified outside Greece. However, we also add that the seismicity in the Izu Island region has drastically changed since June 26, 2000, when the well-known active volcano-seismic swarm (8) started. The changes were intriguing as follows. Seismicity before the swarm was mainly along the Zenisu Ridge ( Fig. 1) and after the swarm it entirely shifted to the almost perpendicular trend, as shown in refs. 8 and 12. Kozu-shima Island, where many SES-like ATCs were observed before the swarm seismicity, as described in this paper, did not show preseismic signals for the swarm EQs. On the other hand, nearby Niijima Island, which did not show any signals for preswarm EQs, did show clear pre-and coseismic signals for the swarm (8) . All these changes appear to be parts of irreversible secular change in a wider region, so the present work may not be repeatable in the future. Color code is the same as in Fig. 3A . 
